Abstract. This paper analyses whether and to what extent regional diversification enables or thwarts green employment in US Metropolitan Areas (MAs) between 2006 and 2014. The recent debate on related and unrelated variety provides the conceptual frame for our study. The main findings are two. First, unrelated diversification is a positive and significant predictor of green employment growth. Second, this effect differs across occupational categories: while unrelated variety at industry level favours the growth of mid-to low-skill green jobs, unrelated variety at occupational level favours high-to mid-skill green jobs. Overall, local related diversification has very little impact.
Introduction
At the core of the intense debate about climate change stands the expectation that dealing with new or revised criteria of environmental sustainability will bring about opportunities but, also, challenges associated with the necessity to adapt the structure and the organization of economies. How does such an adjustment process play out at the regional level? What are the tangible signs that local economies are, for lack of a better word, greening ? And, what are the structural factors that enable or impede following this path? The present paper deals with these questions by focusing on the determinants of green regional diversification in Metropolitan Areas (MAs) of the United States (US). Committing to this line of inquiry requires a number of premises.
First, we focus on the dynamics of local labour market and, in particular, on the changes in employment of green occupations. Following recent studies that focus on the effects of technological change on the skill content of occupations (Autor, Levy and Murnane, 2003; Acemoglu and Autor, 2011) , we use local occupational structures as a proxy for the growth of local green economies. This choice is grounded in the belief that modern economies are built on knowledge, and that work and employment are the vehicles through which individual know-how is applied to productive activities (Consoli and Rentocchini, 2015) .
The second premise concerns the definition of green jobs. While there is an open debate on where the boundaries of this subset lie (see i.e., Deschênes, O., 2013; and Vona, Marin and Consoli, 2017) , scholars and policy experts concur that the greening of modern economies is a gradual process characterised by the progressive take up of routines designed to deal with new or revised criteria of environmental sustainability. As such, greening of the economy is expected to affect the entire workforce, though with varying degree. To address the multiple labour market effects induced by environmental sustainability we rely on an official repository of occupations compiled by the US Bureau of Labour Statistics that contemplates a broad spectrum of scenarios including the emergence of new jobs, the qualitative transformation in the work content of existing jobs as well as the increase in demand for jobs that carry out work tasks that are not bespoke, but complementary to, green activities.
The third proviso is that exploring the regional determinants of green employment entails a thorough assessment of how the existing industrial and institutional settings shape the environment in which green activities emerge. Previous literature in economic geography calls attention to knowledge spillovers as a precondition for the diffusion of new activities (Glaeser, Kallal, Schinkmann and Shleifer, 1992) . It also argues that because of the tacit nature of knowledge in early stages of major transitions -and the shift to low-carbon economies is understood to be at early stage (see review by Barbieri, Ghisetti, Gilli, Marin & Nicolli, 2016 ) -repeated interactions between agents are most effective within delimited geographical and cognitive spaces. But, on the other hand, whether and how much spillovers are a catalyst for structural change depends on the type of complementarity that binds together key change actors in a region (Iammarino and McCann, 2006) . Our point of departure is the tenet that the industrial setting of a region exhibits different forms of diversity, namely related and unrelated variety (see the seminal study by Frenken, Van Oort and Verburg, 2007 and a review of empirical studies by Content and Frenken, 2016) .
Bringing together the threads outlined above, the key question is: what can an assessment of regional economic variety elucidate on the greening of employment? According to the OECD (2011), achieving green growth entails catalysing investments and innovation to foster economic growth and development while ensuring efficient use of natural resources.
However, the transition to the new model will draw from a variety of domains in a recombinant fashion, and local sectoral composition will likely affect the rate and direction of this process. Crucially, both the transfer of know-how and the development of new shared routines will depend on the degree of cognitive proximity across sectors. This paper operationalises these ideas by studying the role of regional variety in the growth of green employment. Previous literature has put forth the distinction between related variety -viz. within-industry diversity due to connection among activities that share similar resource bases -and unrelated variety -viz. between-industry diversity, which instead calls upon spanning a wider spectrum of different, possibly not hitherto connected, capabilities (Boschma and Frenken, 2011; Boschma, 2017) . Diversification stemming from related variety confronts lower costs and uncertainty compared to diversification that thrives on new connections in the space of regional activities. We argue that both these dimensions are relevant to the context under analysis. A recent study by Castaldi, Frenken and Los (2015) lends support to our conjecture. Therein, related variety and unrelated variety are found to be complementary for innovation, and contingent upon life-cycle type of dynamics. In particular, related variety concerns innovations that develop incrementally out of established cognitive structures across connected domains while unrelated variety, though more uncertain and initially costly, can be a catalyst for breakthroughs that span, by necessity or by design, new functionalities. On these grounds Castaldi et al (2015) conclude that unrelated variety paves the way to frontier activities that will become more related as they transition through stages of the life cycle.
Connecting this thread to the main topic of this paper, we propose that the tension between old and new, and the complexity of the costs and benefits entailed by pursuing novelty or maintaining the status quo resonate with the reality of transitioning towards sustainability.
The path towards green growth is not a sketch on a blank canvas: existing productive structures rely on prior bounds between resource availability and models of extraction and transformation, and achieving green growth entails dismantling pre-existing structures as well as designing and implementing new ones. This applies to business firms, technologies, institutions and, at a more fundamental level, to the dynamics of the skills' base (Vona and Consoli, 2015) . How such a process plays out, however, depends on whether and to what extent relatedness among existing activities impedes or enables the transition to low-carbon local economies.
The present paper contributes to previous literature in various ways. The main findings of our study are two. First, unrelated variety at industry level is a positive and significant predictor of green employment. An increase of one standard deviation in unrelated variety is associated with an increase of green employment share growth between 0.3% and 1.1%. This is robust to the inclusion of various controls and over different time spans. Tellingly, related variety has little to no effect. The latter is in line with a small but growing (see Boschma, 2017) stream of studies that focus on the characteristics of and the enabling conditions for unrelated variety (e.g. Crespo, Suire and Vicente, 2014; Castaldi et al, 2015; Xiao, Boschma and Andersson, 2016) . The second key finding concerns the differential effect of regional diversification across occupational categories: while unrelated variety at industry level favours the growth of mid-to low-skill jobs, unrelated variety at occupational level favours high-to mid-skill jobs. In particular, a one standard deviation increase of unrelated variety at the occupational level yields a 1.1% increase of green employment share growth among non-routine interactive occupations and a 0.4% increase in the growth rate in routine cognitive occupations. Conversely, an increment in unrelated variety at the industry level accelerates green employment share growth in non-routine and routine manual by about 0.2% and 0.4%, respectively.
The remainder of the paper is organised as follows. Section 2 provides an overview of the data and variable construction. Section 3 presents the empirical analysis. The last section concludes and summarises.
Research Design
This section begins by detailing the main data sources, namely the 'Green Economy' of the Occupational Information Network (O*NET), Occupation Employment Statistics (Source: US Bureau of Labor Statistics) and County Business Patterns (Source: US Census Bureau).
Subsequently, we describe variable construction.
Dependent variable
To construct the database on green employment we combine the methodologies of previous studies, namely Consoli, Marin, Marzucchi and Vona (2016) and Vona et al (2017 (2017) we then compute a spatial measure of green employment share (GES) as follows:
where is the employment in occupation , US Metropolitan Area (US MA) at time .
It is noteworthy that variation across US MAs and over time depends entirely on differences in the labour force at the local level since _ _ ℎ is at the level of occupation and does not vary over time.
The national share of green jobs in our sample of 841 6-digit SOC occupations is about 20%.
3 Figure 1 shows their distribution across all major occupational groups (2-digit SOC).
2 To illustrate: 'Advertising and Promotions Managers' (11-2011.00) and 'Green Marketers' (11-2011.01 ) are classified in the same SOC 6-digit code, 11-2011. Since the 6-digit code 11-2011 includes no other occupations, and since 'Green Marketers' is a green occupation in O*NET, we assume that workers are equally distributed across the two 8-digit occupations, each with a 0.5 _ _ ℎ . For robustness tests and further details of this method, see Consoli et al (2016) . 3 An important caveat is that our analysis is based on the full sample of green occupations available in O*NET. Other studies use a different selection: Consoli et al (2016) 
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The indications stemming from the analysis of the aggregate green workforce can be further qualified by focusing on functional categories of occupations. To do this, we rely on the methodology proposed by Autor et al. (2003) wherein occupations are grouped on the basis on their task content and of the associated skill profiles. In this framework, known as the task-based model, occupations are classified along two dimensions: 'cognitive' versus their analysis while Vona et al (2017) use O*NET data on skills to build an entirely novel measure of green employment. As a result, figures concerning the relative magnitude of the green economy tend to differ across these studies. We think that these differences can be reconciled in light of the still open nature of the debate on green employment.
'manual' jobs, and 'routine' versus 'non-routine' jobs. Non-routine cognitive occupations involve a great deal of mental flexibility, creativity, problem-solving and personal interaction such as managerial, professional and technical workers. Routine cognitive occupations are those that entail tasks that can be summarized in rule-based instructions, like jobs in sales or office and administrative support. Routine manual occupations are "blue collar" jobs mostly involving the execution of repetitive physical procedures, for example assemblers or construction. Lastly, non-routine manual occupations are service jobs, that is, activities involving physical dexterity and adaptability as well as human interaction. To assign occupations on the basis of their task content, we use data from the O*NET Work Activities and Work Context. This is a repository of information on the importance scales the work tasks for all SOC occupations. 4 Following the procedure by Acemoglu and Autor (2011) we collapsed these scores into SOC occupations, ranked them accordingly and assigned the top 30% occupations in the list to each of the five skill groups. Finally, the green employment share of each group was computed. Such a methodology enables us to identify occupations with the highest score in each of the skill categories.
Independent variables
As the paper aims to identify the effects of diversification in the knowledge base and organisation of work across US MAs on green employment share growth, our key explanatory variables are calculated using employment by industry and employment by occupation statistics from the US County Business Patterns survey. The common method employed to calculate diversification is the entropy approach (Jacquemin and Berry, 1979; Attaran, 1986) . This measure can be decomposed at different digit levels of the hierarchical structure of the data (Frenken et al., 2007) and takes into account both absolute and relative abundance of groups in this structure (Wixe and Andersson, 2017) . We calculated related and unrelated variety to capture within and between diversity across industries and occupations using, respectively, employment data at two and four digits of the North American Industry Classification System (NAICS) and the SOC.
Following Frenken et al. (2007) , let each four-digit sector i be exclusively part of a two-digit sector S g , where g = 1, … , G. The two-digit shares of employment P g can be obtained by summing the five-digit shares p i :
Unrelated variety is measured as follows:
whereas related variety is computed as:
where:
Empirical strategy
The estimated model takes the following form:
where ∆ is the average log-difference of green employment share in US s for the 
Results
This section contains descriptive statistics in the first part and the results of the regression analysis in the second.
Descriptive analysis
Before turning to the results of the regression analysis, it is useful to provide an overview of the empirical characteristics of the key dimensions at hand. (Fig. 2) . A notable feature is that throughout the period the cluster of top GES areas includes mostly second-tier cities, with the exception of Detroit, Houston and Memphis. Indeed, the mean density of MAs in the top 10% of GES is 40% lower than all the remaining ones in 2006 (25% in 2014).
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Next, we explore the distribution of sectoral diversification as captured by means of Related and Unrelated Variety. Recall that according to Frenken et al. (2007) RV, entropy at fourdigit level, captures variety within each of the two-digit sectors in an area, i.e. diversification across sub-sectors that share similar know-how. By contrast, UV -or entropy at two-digit industry level -measures the extent of diversification of activities carried out within a MA.
The latter relies on complementarities of different knowledge bases within a region, and for this is considered strategically important to mitigate the risk of mass unemployment, especially during a downturn (Frenken et al, 2007) . Lastly, while the decline of overall GES in the period 2006-2010 was 5% higher in the top UV decile relative to the remaining areas, by 2014 GES growth was 28% higher in MAs in the top decile. These observations lead to expect that the change of GES is correlated with initial levels of unrelated variety.
Turning to the other measure of diversification, Related Variety is on average lower than UV, with a mean oscillating around 2.6 in the period under analysis. mean growth of GES is only 10% higher than that of all other areas. As the lower panel of Figure 3 shows, RV is more concentrated on the two coasts and the Midwest. All in all, these descriptive statistics do not hint at a strong correlation between GES and RV. Table 3 shows the results of the model estimation using total green employment share growth at the MA level as dependent variable. The coefficient of UV is statistically significant and robust across different specifications. This is a first insight into a positive relationship between diversification of the industrial structure at high digit level (2-digit NAICS) and green employment share growth. Indeed, diversification across unrelated sectors is associated with an increase in the share of green employees relative to non-green, holding other variables constant. Our favourite specification in Column 1 reveals that an increase of one standard deviation in UV is correlated with an increase of 0.3% in average growth of green employment share over the subsequent 4 years. 5 The result holds when UV is calculated using the number of establishments instead of the number of employees (Column 2). In addition, Column 3 shows that if we calculate green employment share growth over a longer period (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) and use it as dependent variable, an increase of one standard deviation in UV is associated with an increase in green employment share growth of 0.4%. Finally, when the dependent variable is measured using the log-difference of green employment share between the first and final year of each period (i.e. 2006-2009 and 2010-2014) instead of the average growth rate (Column 4), the coefficient of UV reaches its maximum across the five specifications. A one standard deviation increase in UV leads to 1.2% growth of green employment share.
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Regression analysis
TABLE THREE ABOUT HERE
This result confirms that green employment share growth, which is one of the ways in which the transition to green economies manifests itself, is correlated with diversification across sectors (in the sense of connecting industries that are otherwise unrelated). Moreover, while unrelated variety plays a pivotal role, related variety seems to be ineffective in the transition towards environmentally-sustainable economy. At a first glance, this may seem in contradiction with studies showing that relatedness is a crucial driver of employment growth. However, it is noteworthy engaging green activities entails a closer focus on skills and human capital that differ from those used by non-green jobs (Consoli et al., 2016) . In addition, to capture the relationship between variety and the greening of the economy, our paper focuses on the correlation between diversification and the share of green workers within regions rather than the number of employees. In the transition towards low-carbon economy, regions that diversify their industrial structure across unconnected industries and, therefore, broaden their knowledge space, are more likely to spur the recombination process that underlies the early phases of radical change (Castaldi et al. 2015) .
To assess whether industrial diversification favours any particular group of green jobs, we run our baseline model by distinguishing workers following the task-based framework (Autor et al, 2003; Acemoglu and Autor, 2011) . Therein, occupations are grouped according to the intensity of the task content of each two-digit occupation. The coefficient of UV is strongly positive and significant for occupations with higher intensity of routine and nonroutine manual tasks, both low-skill categories (Table 4) . To a less extent, RV is positive and mildly significant (p-value < 0.10) for high-skill non-routine interactive occupations.
Lastly, following Wixe and Andersson (2017) , we add to the analysis two coefficients for related and unrelated variety at the occupation level (Table 5) passage is that the skills used in these occupations have strong cognitive content, which in turn suggests that local economies need both creativity for change as well as analytical and managerial abilities to minimise the uncertainty involved with the transition to green growth.
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Concluding remarks and the way ahead
This paper has explored the issue of whether and to what extent the organization of local activities influences the transition towards environmentally sustainable economies. This question was operationalized by using the growth of green employment share as dependent variable and regional related and unrelated variety as the main explanatory variables in a regression analysis on 367 US metropolitan areas over a nine-year period. The main finding is that unrelated diversification is positively related to the growth of green employment. On the other hand, related variety does not yield significant effects in any of the baseline specifications. Read in conjunction with the indications of the descriptive statistics, green employment growth appears to be relatively stronger where UV is higher, namely in the metro areas of medium-sized cities rather than in the largest cities. Further, estimates by occupational groups reveals that related variety is significant only for high-skill jobs that entail more intensive use of non-routine intensive capabilities, such as negotiation or team training. These estimates also indicate the positive effect of unrelated variety on the employment share growth of green mid-to low-skill occupations, namely non-routine manual and routine jobs. Results are robust to the use of alternative measures of variety, namely number of establishments by sector and occupational categories.
We believe that the connection between regional diversification and the transition to environmentally sustainable economies can enrich ongoing scholarly and policy debates.
When it comes to greening of the economy the broader question is how regions develop new growth paths, and why they differ in their ability to do so. In the economic geography literature such a question is framed in terms whether and to what extent locally related activities can act as an enabling factor in the search for these paths. By and large, empirical works corroborate the hypothesis that relatedness is an important driver of regional diversification across a broad spectrum of dimensions (e.g., products, industries, technologies) and of spatial units (e.g., countries, regions, cities, labour market areas) of analysis (see reviews by Content and Frenken, 2016) . The common finding in this stream of research is that related diversification is a stronger driver compared to unrelated diversification. This is, to some extent, not surprising considering the nature of both constructs. As Boschma (2017) puts it, diversification is an uncertain process that can be better dealt with by relying on available local resources, and on well-tested connections across them, both trademark features of related variety. Unrelated diversification, on the other hand, entails implementing new forms of coordination across different and formerly unassociated capabilities (Desrochers and Leppälä, 2011) . As Castaldi et al. (2015) argue, however, the two forms of regional diversification need not be seen as opposites in a static fashion but rather as complementary forms of organising and creating resources in a dynamic process.
Our results fit into this framework by reinforcing the conjecture that the transition towards environmentally sustainable production is still at early stages. No doubt, this complex process entails adaptations at many levels, not just within firms and industries but, ultimately, in the attendant cognitive and organizational dimensions. We focus on changes in the labour force under the belief that employment is the vehicle through which human knowhow is applied to economic activities (Consoli and Rentocchini, 2015) and that, therefore, this is a useful empirical dimension to keep track of how, in this particular instance, local economies transform their routines to accommodate new criteria for environmental sustainability. At this early stage of the transition towards greener economies, the scope of the adaptations that need be made is still open to negotiation, and its costs and benefits are not totally understood. Thus, the room for trial and error is bigger, and so is the need to tap into different pools of knowledge. This is the part of the process where unrelated variety is more potent vehicle, in spite of the possible shortcomings due to experimenting and failing with untried combinations. If this logic holds, as the scope of the adaptation narrows, and stable routines emerge, recombining closely related knowledge should become a more viable strategy in the future. As already hinted at in the introduction, the path towards green growth does not happen in vacuum but, rather, on top of existing systems for extracting and transforming resources. This will entail partly dismantling pre-existing structures and partly setting up new ones. The present paper reinforces the claim that underneath the visible changes that this transition will ignite in technology, institutions and business firms is the evolution of the knowledge base and, thus, the relevant skills as well as the forms of organizing workers' know-how (Vona and Consoli, 2015) .
A full discussion of the policy implications that can be derived from these findings is beyond the scope of the current paper. Further research is needed to probe the validity of the findings about the effects of related variety and unrelated variety on the green employment. This is crucial to inform policy, and can be done by exploring different avenues. First, our methodology could be replicated in the context of countries other than the US. Differences in institutional settings and in historical contingencies will surely enrich the panel of empirical results and further elucidate on the nature and extent of green employment. Second, the analysis could be extended to explore the effect of 'green knowledge' endowment and innovation. Investments in research and development in the domain of environmental sustainability are growing fast, and various forms of innovation are already visible in the horizon. Understanding the extent to which specialization or diversification favour or hamper green local innovation capacity would contribute a great deal to the formulation of policy. Third, the effects of variety could be analysed at different levels of geographical aggregation. Moving beyond metropolitan statistical areas, one could resort to alternative spatial constructs, for example travel-to-work areas that are constructed by calibrating economic and social characteristics of geographical areas so as to increase the potential for policy impact. These are but a few possible avenues in which research on regional diversification and on environmental sustainability can enrich each other. We hope that the present paper has provided enough insights to start such an exciting research agenda. 2006 -2009 and 2010 -2014 and (2)); the average log-difference of green employment share growth over the period 2006 -2014 ); the growth rate of green employment share calculated using the first and final year of the periods: 2006 -2009 and 2010 -2014 time periods). OLS regressions at MA level using dependent variables measured as: the average log-difference of green employment share growth over the periods 2006-2009 and 2010-2014 (Column 1). Regional dummies refer to Midwest, Northeast, South and West geographical areas. Independent variables are included at the start of the period. Robust standard errors clustered by US Federal State in parentheses. All models are weighted by MA population at the start of the period. * p<0.1, **p<0.05, *** p<0.01.
